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Abstract All the muon subsystemfront-ends use a strategy of
continuously running digitizers for time and charge
measurements. The digitizer outpate connected to digital

(ijept%:;?g? s[;lt}s asrfe(ﬁ:;gﬁg' t;irhejres eslltz(r:rgr(#lgsfrts)if:r?o?s delays providinghe necessary delay fdhe eventdatabefore
Y ggersy: . . a trigger decision is returnedpon arrival from the TFW of
andreadout hardware are synchronized by means of timip

signals broadcast from the DO Trigger Framework. The fror?t- Ll. aceept deglglgnd,ata Is transferred to the firstvel qf
. ; . - buffering. Both digitizerand delaysrun synchronously with
end electronics have continuousiynningdigitizers and two

levels of bufferingresulting in nearly deadtimeless operatiortlr.1e Tevatron RF.

The raw data isorrectedandformatted by 16-bit fixed point ~ The front ends arglobally synchronized tdhe beam
DSP processors. These processors also perform control ofcfRgsingsand each other by the TFW. It distributes timing
data buffering. The data transfer from the front-erfndcontrol signals including aopy ofthe TevatrorRF, L1
electronics located othe detector platform is performed byand L2 decisionsand trigger numbers to the front-end
serial links running at60 Mbit/s. The desigandtest results €lectronicsnear thedetector visthe GeographiSectors (GS)

of the subsystenteadout electronicand systeminterface are located inthe movablecounting house. These numbers are
discussed. used to identifythe beam crossing corresponding to the

trigger decision and must be consistent across the detector.

The readout electronics designddr the DO Muon

|. INTRODUCTION

Since theprevious publicatiortwo yearsago [2] several
aspects othe design haveeen worked ouand tested. The
electronics fothe muonsystem nowncludes 9,500 channeIsA' Muon Detector Front-End Subsystems
for proportional drifttubes (PDT)6,000 channelfor various The PDTs (9,500 channels total) have up ton@@s per
types ofscintillation countersand48,000 channel®r mini- chamber. Attached to these chambers are three 32-channel
drift tubes[3]. A major goalwas to develop a unified strategyFront-End-Boards (FEBand one Control Board (CB). The
for readout for all the detector subsystems. FEBs digitizethe time of arrival of thevire signaland the

All subsystemghat carform a trigger send trigger data t"harge of the pactlectrodes.The digital delays and L1
the Trigger Framework (TFW) which is thesurce of all buffersarealso located omhis board. EaclrEB is connected
trigger decisions. Thesdecisionsare made ortwo levels © the CB via an 18 bit bi-directional dates.The CB has a

based oninputs from theLevel 1 (L1)and Level 2 (L2) readout controller which fetchekata sequentially from each

trigger systems.The L1 trigger systemsgenerate trigger 1 FIFO upon receiving an L1 accepnd stores it in DSP
information synchronously witthe beam crossings while theM€mMory-
L2 systems operate asynchronouslgnd have an The scintillation countesubsysten{6,000 channels total)
indeterminate decision time withsomelimit (A third level includes 48-channel 9U VME scintillator front end cards
of trigger is a software filter using complete event (SFE). These cards measure arrival time of the scintillation
information whose decisiongre independent of thEFW). counter signals. There are three charge integraiod#\DCs
The Fermilab accelerataninning in thecollider mode,uses each of which can be attached to a particular chdoneise
the Tevatron RHrequency of 53.104 MHz to synchronizeas a photomultiplier gain monitoiSince thegain of a
colliding beams. A clock frequency derived from the Tevatrgrarticular channel is nathecked on an event by event basis,
RF divided by seven is used to synchronitee beam one ADC can serve multiplechannels by means of analog
crossings within the acceleratdrhis frequency isthe basic multiplexing. The same time digitizer chip [2] is used by both
frequency fortransferring L1 trigger information to andthe FEBs and theSFEs. The Lilbuffers are readout by a
trigger decisions from the Trigger Framework (TFW). DSP based readout controller on a custom high speed data bus
using the J3 backplane. Each VME cratmses up to ten

Il. MUON SYSTEM



SFE cards, the readout controller cadd aMotorola 680xx provides L2 information tahe Level 2 trigger system. Upon
based VME processor to provigarameter downloading andreceiving an L1 accept, the front-ends moitly buffer the
testing. event, they also send a portiontbé event tothe L2 trigger

The mini-drift tubes (MDT, 48,00@hannels total) have SyStém via serial links.
their electronics located in 192-channel 9U VME cards. The A GS consists of a VME crate containitige DO standard
mini-drift tube digitizing cards (MDC) perform a low interface to thdDAQ calledthe VME Buffer Driver (VBD)
resolution (18.8 ns/bin) measurement of the drift timand acontroland timinginterface betweethe TFWand the
improving the coordinate resolution of thebes to a few front-ends connected it The front-endelectronicsand L1
millimeters compared to the 10 mube diameterThe MDC  trigger systemare located onthe DO detector platform and
alsohas a digital pipeline and Lduffers to store evertata. connected tahe readout crates by both twiahd flat and
They alsoare readout by a specialized DSP based readotibbon coaxial cablesThe Muon Fanout CardMFC)
controller via the J3 backplane. The MDT crates -calistributes timing, controand trigger information byneans
accommodate up to twelve MDCsreadout controlleand a of custom J2 connections dhe crate backplane. Hlso
VME processor to perform tasksimilar to those of the receives statusnd error signaldrom the Muon Readout

scintillator system. Cards (MRC) located inthe crate and transfers this
information back to the TFW.
B. Trigger Architechture The MuonReadoutCard is an intermediate stagetween

The muonsystemmust provide both Liand L2 trigger the MFC and two front-ends. It sends timing, control and
information to the TFW (Figure 1) apposed to somether trigger information, and receives status and error signals from
DO detectors which sertdgger informationonly to L2. The the front-ends. It alsbas internamemory for buffering one
muon L1 triggersystem receivedata from the various front-event. TheMRC and MFC are the standard muon GS
end systemsand provides informationevery 132 ns to the interface cards. The data transfdrstweenthe VBD and
TFW. Due tothe distributed nature of the musystemthere MRCs are initialized by the 680xyprocessor, which also
are a large number of L1 trigger inpiitsver 150) The muon Performs trigger number checkingind event header
L1 Concentrator cards perform dammpressionand an formatting. In local mode, it is used for diagnostin:sd local
initial stage of pattern recognition to reduce the flatainto data taking angrocessing. The Vertical Interconnect (V1) is
the L1 trigger system to a reasonable levalhe TFw a part of the DOslow control and monitoringsystem. It
analyzes trigger informatioand generates an L1 decisionaffords remote access to the crate VME address space.
which is distributed viahigh speed serial links to the

Geographic C. Event Synchronization
A major concern for bufferedata acquisitiorsystems is
Muon synchronization of the data comprising the events. We
o propose to use several levels of checking to identify errors and
FRONT | L1 Data simplify debugging.The structureproposed for colliding
<END beams inthe Tevatron consists of three superbunches
L o3 L2 Data Muon [ separated by abort gaps. Theam crossing intervateay be
<2s L1 ™ y y
2ES Trigger RS 132 or 396 nsbut in either case, the TFW synchronization
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Figure 1: DO muon trigger architecture. GS - geographic sector.
Figure 2: Timing diagram showing relevant signals at first crossing

Sectors.The TFW attaches a unique trigger number to each _
L1 decision for event synchronizatiofihis is discussed in Each front-endreceives aopy ofthe Tevatron Rfand a
more detail in the next section. Each muon front-ated special reset signal (First Crossing, FC, Figure 2)



synchronized to iand arriving once per beamturn at a The specified maximum for Run Il is about 10 kHz for the
fixed offsetfrom the beginning of the first collision in thelLl trigger rate and kHz for L2. An averagénterval of 100
superbunch. The clock and reset signalsuaesl bythe front- ps is thus available for transferring an event from the output
ends torun two counters which together provide a unique

identifier for each collision. Oneight bit counter ilocked

at 53/7MHz andgenerates a crossing number. Ttdsinter EVENT

is preset to one at thetart of eachiurn. Asecond counter, 16 J
bits wide, clocked byhe FC signal, generatesurn number. L ACCEPT—»@
These counter valuesre delayedand readout in thesame J
manner as data hesetwo numbers are appended gwents
and areused bythe data acquisitiorsystem for checks of BUFEER
event synchronization. Irthe muon system the crossing
number simplifies the task ofiming adjustment thus l
increasingsystem reliability. Ifthere is no matcbetween the L2 ACCEPT ,®_, LREIECT
crossing number emerging from the pipelared the trigger l
number sent by the TFW, an error is generated.

A global initialization signal (INIT) is generated by the BUFLER
TFW to synchronizeall sub-systems befor@ata taking
begins. An INIT Acknowledge (INACK) iseturned by the l
GSs when theyinish theirlocal initialization. Whenall the READOUT

GSs return INACK, the TFW releases INITand begins
issuing trigger decisionsThis method of synchronizationgigyre 3: DO buffering scheme.
allows for rapid re-synchronization and quick detection of any

sub-systems that fail to initialize properly. of thedelay tothe L1buffer. Inthe muonsystemthis process
takes aboutl.5 ps maximum. This deadtime makes no
I1l. M UON READOUT contribution to thdDAQ deadtime because, fother reasons,

the minimum interval between Level 1 triggers is|2s6

A. DSP Data Processing and Buffer Management

The DODAQ specification stipulateshat all front-ends RF Clock
implement 16 L1 and eight Lbuffers to store events ——————1——————
corresponding to the appropriate TFW decision (Figure 3).

|
|
Each GS is required to have a pipeline to store incoming:

I

I

l L1
eventsuntil aTFW decision is made. Theinimum pipeline || Porer =% Feeine |7 L1 FFo ‘lL’ v B
delay is determined by the Level 1 decision time of b6at |FrontEnd I Y !
the TFW locationyand the signapropagation time from the < L1 Acsept
TFW to the GS. Each GS must have dhdity to store events Rt |+ osP > L2 Aocept
accepted bythe TFW. Eventsaccepted by Lland L2 #
decisionsare stored in Level land Level 2 buffers. L2
REJECT discards event frothe Level 2 buffer. The muon Bufter | L3 Data
system buffering scheme followthe DO specification by AW

implementing flexible DSP based control othe event _ S
buffering. A simplified diagram of the muonbuffering Figure 4: Muon system buffering scheme. DSP - digital signal
scheme is shown in Figure 4. processor.

A continuously running digitizer generates output The Analog Devices simulator for the ADSP-2181
information synchronously wittthe TevatronRF. A digital processohasbeen used to estimate hdeng it will take to
pipeline delay,running synchronously withthe digitizer is processand format the datébefore sending it to theMRC.
preset to the TFW Level 1 trigger decision time. When the Physics simulations ofthe Run Il scenarichow that the
accept arrives atthe front-end, correspondingevent expected occupancies ftire PDTs, scintillation counters and
information appears at thaelay outputand is transferred to MDTs are 3%, 1% and 0.5%spectively. We us&0%, 10%
the L1 FIFO. Afterthat, the event informationcan be and 1%,since accurate occupancy estimades impossible
asynchronously read out by the readout logic and stored inWout real background measurements.
intermediate Lilbuffer within the DSP memory. Fronthis
point on, theDSP takes control of both processing angOr
buffering.

For the PDT front-ends, assuming a 10%eupancy, the
rection of the time scale, pedestal subtractod gain
correction will take about 1Zus. A calculation of pad



electrode charge ratios to determitie second coordinateL1 buffer. Inthis case, a mismatch generateskaror 2. The
will take about 8us. The time to readownd transfer an DSP also checkihe status of itbuffersandgenerate®usy 1

event tothe MRC is estimated to b®.1 pus and 6.2us or Busy 2 signals when appropriate.
respectively for atotal of 35.3us or 3.5% of theaverage

interval between two L2 accepts. Table 1.
The event size for the scintillation counters is smaHan L2 data processing times js.
for the PDTs. The ten SFE cartlat will be placed in one Detector T1 T2 T3 T4 total

VME crate will produce about 30 16-bit worger event PDT @ 10% 4.5 12.0 12.0 3.0 319

assuming 10%occupancy.This will take about 2.5 us to SC @ 10% 0.6 20.0 7.0 5.4 33.

readout, 151s to correctd andconvert bins to nanosecondg MDT @ 1% 0.1 9.0 6.4 0.5 16.0

and 4.2us forthe transfer to th&IRC. Thus, total front-end

data processing takes about 2{is7 An event accepted by L1 is collected frahe front-end
The MDC drift timedata, which is nozero-suppressed, L1 buffers by subsystem specifieadout logicand written

has arevent size fixed at 216 32-bit wordsd is thdargest into the DSP memoryThe DSP then processesind formats

of the threedetector subsystem3he readout controllewill the data according to the requirements of the L2 trigger

sparsify and reformat the data into 16 bit form, @rocess System. After processinthe data is sent to L2. An Latcept

estimated to take @s. For the MDTs the averagecupancy Ccausesthe DSP to processhe eventaccording to the L3

is expected to be ithe range of 0.5% to 1%. Assuming 198Ystem requirements, bufftire eventandwait for permission

Occupancy’the Simu'ation ShOWS that to convert bins to to transfer |t to thMRC Cal’dfor f|na| event bUIldIng in the

transfer time to th&/RC is about2.5 ps. The front-end data UP Oné L2 bufferOur estimateshowthat all thenecessary

processing takes about 1718, buffer management including interrupt handling candbae
using the ADSP-2181 within 1}5s.
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Figure 5: L2 data processing timing diagram. T1, T2, T3 and T4 . ‘CDAQ ‘ .
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correspond to the data processing times shown for one. event

The DSP also performs L2data processing andFigure 6: Muon Readout Controller. DTFW = L1 Accept + L2
formatting, which is time critical.Based on queuing Accept+ L2 Reject, TX - TFW crossing number, EX - Event
simulation of the DO data acquisitissystem[4], L2 data Crossing number, ER - Event turn number.

féig%é:m}ﬁ?gceﬁgl 38218 \;\gz;heositinlnt:?nc:zgpegsﬁg\(/jvlzoinnal As one can see, the processing times are within the
Figure 5' Weyphave estimatedhgt for conservative required ranges and weonclude that using theDSP to
g N . perform these tasks will have a negligible impact on the DO
occupancies of 10%, 10%nd 1% described above the .
. o . DAQ system deadtime.
following processing times can be achieved (Table 1).

For event buffermanagement.every trigger decision B. Muon Readout Card

causes a DSP interrupt which is used to store information in a )
TFW decision FIFO (Figurs). If therewas an L1 accept, the The MuonReadoutCards ardocated inthe readout crates

DSP checks ithe TFW crossing number corresponds to thg the Movable Counting House. Each MRC has two
local crossing number provided tiye synchronizatiofogic. ndependent identical sections @nd B) connected to two
In the case of amismatch an Error 1 signal is generated. ifont-eénd units. Ablock diagram of theMRC is shown in

therewas an L2 accept or L2 rejeche DSP checks the Figure 7. The data is transferred from the front-end readout
corresponding number associated with event stored in the CONtroller via copper coaxial cablising aCypress HOTLink



chipset (CY7B923/933). We use imwvest frequencysetting receivers for 20 contr@nd timing signals irach section. A
of 160 Mbit/s to accommodate our transmissitine VME slave interfaceand transmitters andeceivers for J2
bandwidth. With 360eet of coaxial cable we have achievetlackplane areommon for both sections. 16 control signals
error free transmission using @assive cable compensatiorare transmitted to anlom the front-end readout controller
network. TheMRC receives 1@&iming and control signals using twistand flat cable. Threetiming signals including
from the Muon Fanou€ard and transmitback five status Tevatron RF, resetand encodedgap signal, and serial data
signals. are transmitted ofour coaxial cablesThe typical length of
Each MRC section includes amight Kbyte dual port these cables is 280 feet.
memory buffer fordata storage, a 32 bit status/control For the twistand flat cable, differentialcurrent drivers

register, a serial communication controller (SCC) {i®N75110As from Texas Instruments) are used at the
communicate with théSP processoand transmitters and

T T T T 1YY _
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Figure 7: Muon Readout Card. VME - VME command, SCC - Serial Communication Controller.

transmitter end, and curref¢edbackamplifiers (AD8002 Event data from the HOTLinkeceiver is written into one
from AnalogDevices)and highspeed comparators (MAX902port of thememory, whilethe second port isiccessible to
from Maxim) are used atthe receiver endThe amplifiers VME for both writes as well as read$She status register
have a feedback compensation adjusted fioe cable includesbusyand error signal€oming from the front-end
attenuation. A Motorola MC10H116 in PECL (Positive ECLjeadout controller and a set of con@oldstatus bitsBusy 1,

mode is used on both ends for coaxial cable differential drivBusy 2,Error 1, Error 2 and th&ervice Requedignals are

and receiver. To reject common mode voltages between thige ORed on five Jbackplane linegnd transmitted to the
receiversand the transmitters, Rffansformers areised to MFC. Each of these signatsayinterrupt the VMEprocessor

convert from differential to single ended the transmit end using the interrupt controller in the MFC. Thervice request
and back at the receive end. is the OR of internal interrupsources which include the

Two special control characters aused to indicate the HOTLInk control logic and the UARTS.
beginning and end of the data transmission. K&8.0 A Zilog Z216C30 Serial Communication Controller (SCC)
character indicates beginning of thevent and K27.3 is used to communicate witthe DSP processors in the
character is the end @ventdata marker. These characterseadout controllers. It provides a 1 Mbitlata rate which has
are used bythe HOTLIink controllogic implemented in an been testedising thecable connection describedrlier. The
ALTERA EPX780 FEASHLogic chip to initialize its address SCChastwo independent sections each of which uses16
register and will not be stored. The HOTLink chips use K280 access VME addresses.
pad characters t&eep the receiver synchronized with the
transmitter and to align the incomibig stream. The control C. Muon Fanout Card
logic ignores these characters which allowsirtermittent . .
byte stream at the transmitter end. There is a time-out cour&tﬁgrﬁem::l?oi?;;) ducgu(t:aé(rjaltse th_?h';;ir?mz\év;sg:ﬁmrggv
preset to 4 ms to prevent ‘hanging’ of the link. control and trigger informatiorirom the TFW via the Serial



Communication Link (SCL)and distributes it on J2 userused forthe gaps. The Tevatron RF is transferred unaltered
defined lines.The SCL is a DOstandard interface daughteon one coax tthe readout controller. A phaszcked loop is
card which converts seriatlata to parallel. The MFCused there toremove jitter, and to restore duty cycle
communicates with the TFW by sendifigror 1, Busy 1, symmetry, a requirement of the TDC chips.

Error 2, Busy 2 and INACK. Error signals indicate error  theMFEC includes a VME A24D16 slave interfaddFO
conditions associated wittevel 1 or Level 2activities.Busy memories forthe beam crossingand turn numbers, an

signals indicate availability of the event buffers. interrupt controller, a real timelock, three control/status

The TFW provides two types aftcelerator gap signals forregisters, a timing sequencer and counters for TWF decisions.
Geographic Sectors. One gap per béam isused bythe L1 The MFC is controlled bythe VME processor irthe readout
trigger system to synchroniziés input FIFOs receivingdata crate. Error 1, Error 2Busy 1, Busy ZXrom each MRC are
from the different front-endystemsThis gap is calledync wire OR’ed onJ2. The OR of these backplane signalsvel
gap and during this interval, pad characters are sent to theaklINIT and L2acceptcan interrupt the VMBprocessor. To
trigger system.The othertwo gaps can be usefr example, localize the interruptsource the processor reads status
for pulsingthe front-ends at a time it is known there will beegisters in theMFC and MRCs and calls the appropriate
no beam triggers.Because ofthe limited number of serviceroutine. The block-diagram of tHdFC is shown in
connections betweethe platformand themovable counting Figure 8.
house, a scheme for encoditwio signals onto one line is
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Figure 8: Muon Fanout Card. L1A - L1 accept, L2A - L2 accept, L2R - L2 reject, L2 = L2A + L2R, VME - VME command.

Each L1 or L2 TFW decision is uniquely identified by a For each L1 accept, an associated 8-bit beam crossing
specific crossingaind turnnumber. All TFW decisions alongnumber is stored in FIFO1. At each L2 accept, a crossing
with their trigger numbers arestored in FIFOs and number ismoved from FIFO1 to FIFO2. Athe same time,
transmitted to the front-ends via the MRCs. thié FIFOs are the crossing numbessued bythe TFW is stored ifFIFOS5.

256 deep which isnuch morethan the 16 Lilbuffers and Sixteen bit beamurn numbersmove through FIFOs three,
eight L2 buffers required by the DODAQ specification. four and six in a manner identical to the crossing numbers.
FIFO1, FIFO2andFIFO3, FIFO4areused tomirror thestate When the VMEprocessor buildshe event, it reads one

of the front-end datauffers. Crossing numbers pabsough \yorq from FIFO2and FIFO4 and compares these numbers

FIFOs one,two and five, and turnnumbers pass throughyith those from FIFO%nd FIFO6 which contairthe trigger

FIFOs three, four and six. numbers corresponding to the most recent L2 accefthi$n
way, on a trigger by trigger basis, synchronizatiochiscked.



FIFO8 is used to store a sequential recordabf TFW V. REFERENCES
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all trigger decision levels. Inthe muonsystem,the crossing

number is transmitted to the front-endad checking is

performed by the front-end readout controllers, buttthe

number is generatddcally bythe readout controllerand is

attached to thevents bythe DSP.This number isverified by

the VME processorduring event building. If there is a

mismatch between two turn numbers an Error 2 is generated.

The ability to run locally for the purposes ofsystem
installation andccheckouthasproven to bevery important in
Run | of DO. TheMFC has theability to emulatehe SCL by
means of an internal pattern generditased on a 2Kx16 dual
port RAM. The sequencetan run inboth singlecycle and
continuous modeThe RAM contents ardoaded from the
VME bus. Another important diagnostic feature ieal time
clock. As required byhe DODAQ specification, eaclerror
condition, initialization procedurend any system specific
condition has to berecorded. All related information
including trigger numberand a time stamp are written as a
record into a filecontaining the 16 most recent entrig¢his
information has to bavailable to the standard DO on-line
tools like CDAQ.

Differential PECL drivers have beesuccessfully tested
for distribution ofthe time critical sighals such as RIBck,
FC and encoded gap signals. LVDS (Low Voltage
Differential Signaling) driversand receiversare presently
being testecand may be used if they prove to be bettiean
PECL. The rest of the signalsestandard VMElevels and
terminations.

The MFC is fitted with a VMEinterrupter with thefive
inputs connected tthe MRC wire ORlines and a sixth input
for the initialization signal from the TFW.

V. CONCLUSION

As of this writing, the initial design®r the FEB, MRC
andMDC arecomplete. A prototype MR@asbeen built and
tested. The CB, SFE, Scintillatdkeadout Controller and
Mini-Drift tube Readout Controlleare still in the design
phase. Initialprototypesare expected to be completed in the
first half of the coming year.



